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(54) PHOTO-ACOUSTIC IMAGE GENERATION DEVICE

(57) A photoacoustic image generation apparatus in-
cludes: a puncture needle (15) having a photoacoustic
wave generation portion (15c); a probe (11) that detects
photoacoustic waves generated from the photoacoustic
wave generation portion (15c) and reflected acoustic
waves reflected by transmission of acoustic waves to the
subject; a photoacoustic image generation unit (23) that
generates a photoacoustic image on the basis of the pho-
toacoustic waves; an ultrasound image generation unit
(24) that generates a reflected acoustic image on the
basis of the reflected acoustic waves; a tip position de-
tection unit (25) that detects the position of the tip of the
puncture needle (15) included in the photoacoustic im-
age; and a measurement unit (28a) that measures a dis-
tance between a measurement point on the reflected
acoustic image and the position of the tip of the puncture
needle detected on the photoacoustic image.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a photoacous-
tic image generation apparatus comprising an insert of
which at least a portion is insertable into a subject and
which includes a photoacoustic wave generation portion
that absorbs light and generates photoacoustic waves.

2. Description of the Related Art

[0002] An ultrasonography method has been known
as a kind of image inspection method that can non-inva-
sively inspect the internal state of a living body. In ultra-
sonography, an ultrasound probe that can transmit and
receive ultrasonic waves is used. In a case in which the
ultrasound probe transmits ultrasonic waves to a subject
(living body), the ultrasonic waves travel in the living body
and are reflected from the interface between tissues. The
ultrasound probe receives the reflected ultrasonic waves
and a distance is calculated on the basis of the time until
the reflected ultrasonic waves return to the ultrasound
probe. In this way, it is possible to capture an image in-
dicating the internal aspect of the living body.
[0003] For example, JP2013-188428A proposes an
ablation therapy using a puncture needle which is per-
formed using an ultrasound diagnostic apparatus for the
above-mentioned ultrasonography. JP2013-188428A
discloses a technique which determines the position of
the tip of the puncture needle on the basis of positional
information acquired by a magnetic sensor and displays
an index indicating the position of the tip of the puncture
needle so as to be superimposed on an ultrasound im-
age.

SUMMARY OF THE INVENTION

[0004] Here, in JP2013-188428A, the position of the
tip of the puncture needle is detected by the magnetic
sensor or an encoder as described above. In addition, in
JP2015-231583A, a photoacoustic wave generation por-
tion provided in the vicinity of the tip of the puncture nee-
dle is irradiated with light guided by a light guide member
that is provided in the puncture needle and generates
photoacoustic waves. A probe detects the photoacoustic
waves and generates an image such that the position of
the puncture needle in the photoacoustic image is
checked.
[0005] Naturally, the speed of sound in the tissue is
partially different. An ultrasound image on which an index
indicating the position of the tip of the puncture needle
is superimposed is generated by performing an arithme-
tic process assuming that the speed of sound in the tissue
is constant. Therefore, the actual position in the tissue
deviates from the position in the ultrasound image. That

is, in a case in which the position of the tip of the puncture
needle detected by, for example, the magnetic sensor is
displayed so as to be superimposed on the ultrasound
image as described above, the position of the tip is not
correct.
[0006] Further, in JP2013-188428A, it is necessary to
perform synchronization in order to align the time phase
of a sensing mechanism provided in the puncture needle
with the time phase of the frame of the ultrasound image
and it is difficult to display the detected position of the tip
of the puncture needle in real time.
[0007] The invention has been made in view of the
above-mentioned problems and an object of the inven-
tion is to provide a photoacoustic image generation ap-
paratus that can detect a position of a tip of an insert,
such as a puncture needle, which can be inserted into a
subject on an ultrasound image with high accuracy and
can detect a distance between the position of the tip of
the insert and a measurement point on the ultrasound
image with high accuracy.
[0008] According to an aspect of the invention, there
is provided a photoacoustic image generation apparatus
comprising: an insert of which at least a tip portion is
insertable into a subject and which includes a light guide
member that guides light to the tip portion and a photoa-
coustic wave generation portion that absorbs the light
guided by the light guide member and generates photoa-
coustic waves; a probe that detects the photoacoustic
waves generated from the photoacoustic wave genera-
tion portion and reflected acoustic waves reflected by
transmission of acoustic waves to the subject; a photoa-
coustic image generation unit that generates a photoa-
coustic image on the basis of the photoacoustic waves;
a reflected acoustic image generation unit that generates
a reflected acoustic image on the basis of the reflected
acoustic waves; a tip position detection unit that detects
a position of a tip of the insert included in the photoa-
coustic image on the basis of the photoacoustic image;
and a measurement unit that measures a distance be-
tween a measurement point on the reflected acoustic im-
age and the position of the tip of the insert detected on
the photoacoustic image.
[0009] The photoacoustic image generation apparatus
according to the aspect of the invention may further com-
prise a measurement point designation receiving unit that
receives designation of the measurement point on the
reflected acoustic image.
[0010] In the photoacoustic image generation appara-
tus according to the aspect of the invention, the meas-
urement point designation receiving unit may receive the
designation of the measurement point only in a case in
which the tip position detection unit detects the position
of the tip of the insert.
[0011] The photoacoustic image generation apparatus
according to the aspect of the invention may further com-
prise a feature point detection unit that detects a feature
point on the basis of the reflected acoustic image. The
measurement unit may measure a first distance between
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the position of the tip of the insert and the designated
measurement point and a second distance between the
position of the tip of the insert and the feature point.
[0012] The photoacoustic image generation apparatus
according to the aspect of the invention may further com-
prise a feature point detection unit that detects a feature
point on the basis of the reflected acoustic image. The
measurement unit may measure the distance, using the
feature point as the measurement point.
[0013] The photoacoustic image generation apparatus
according to the aspect of the invention may further com-
prise a movement detection unit that detects movement
of the position of the tip of the insert, using the reflected
acoustic image and the photoacoustic image.
[0014] In the photoacoustic image generation appara-
tus according to the aspect of the invention, the meas-
urement unit may remeasure the distance in a case in
which the movement detection unit detects the move-
ment of the position of the tip of the insert.
[0015] In the photoacoustic image generation appara-
tus according to the aspect of the invention, the probe
may alternately detect the photoacoustic waves and the
reflected acoustic waves.
[0016] The photoacoustic image generation apparatus
according to the aspect of the invention may further com-
prise a display control unit that displays the distance
measured by the measurement unit on a display unit.
The display control unit may not display the distance in
a case in which the position of the tip of the insert is not
detected after the tip position detection unit detects the
position of the tip of the insert.
[0017] According to the photoacoustic image genera-
tion apparatus of the aspect of the invention, the probe
detects the photoacoustic waves generated from the
photoacoustic wave generation portion provided in the
tip portion of the insert and the reflected acoustic waves
reflected by the transmission of the acoustic waves to
the subject and the position of the tip of the insert is de-
tected on the basis of the photoacoustic image generated
on the basis of the detected photoacoustic waves. There-
fore, it is possible to detect the position of the tip of the
insert on the ultrasound image with high accuracy. Then,
the distance between the position of the tip of the insert
detected on the photoacoustic image and the measure-
ment point on the reflected acoustic image is measured.
Therefore, it is possible to measure the distance between
the position of the tip of the insert and the measurement
point with high accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is a block diagram schematically illustrating
the configuration of a first embodiment of a photoa-
coustic image generation apparatus according to the
invention.
Fig. 2 is a cross-sectional view illustrating the con-

figuration of a tip portion of a puncture needle.
Fig. 3 is a flowchart illustrating the operation of the
first embodiment of the photoacoustic image gener-
ation apparatus according to the invention.
Fig. 4 is a diagram illustrating an example of the po-
sition of a tip of the puncture needle and a designated
measurement point on an ultrasound image.
Fig. 5 is a block diagram schematically illustrating
the configuration of a second embodiment of the
photoacoustic image generation apparatus accord-
ing to the invention.
Fig. 6 is a diagram illustrating an example of the po-
sition of the tip of the puncture needle and a feature
point on the ultrasound image.
Fig. 7 is a flowchart illustrating the operation of the
second embodiment of the photoacoustic image
generation apparatus according to the invention.
Fig. 8 is a block diagram schematically illustrating
the configuration of a third embodiment of the pho-
toacoustic image generation apparatus according to
the invention.
Fig. 9 is a flowchart illustrating the operation of the
third embodiment of the photoacoustic image gen-
eration apparatus according to the invention.
Fig. 10 is a diagram illustrating an example of the
position of the tip of the puncture needle, a desig-
nated measurement point, and a feature point on the
ultrasound image.
Fig. 11 is a flowchart illustrating the operation of a
modification example of the first embodiment of the
photoacoustic image generation apparatus accord-
ing to the invention.
Fig. 12 is a block diagram schematically illustrating
the configuration of a modification example in which
a movement detection unit is provided in the first
embodiment of the photoacoustic image generation
apparatus according to the invention.
Fig. 13 is a flowchart illustrating the operation of the
modification example illustrated in Fig. 12.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0019] Hereinafter, a first embodiment of a photoa-
coustic image generation apparatus according to the in-
vention will be described in detail with reference to the
drawings. Fig. 1 is a block diagram schematically illus-
trating the configuration of a photoacoustic image gen-
eration apparatus 10 according to this embodiment.
[0020] As illustrated in Fig. 1, the photoacoustic image
generation apparatus 10 according to this embodiment
comprises a probe 11, an ultrasound unit 12, a laser unit
13, and a puncture needle 15. The puncture needle 15
and the laser unit 13 are connected by an optical cable
16 having an optical fiber. The puncture needle 15 can
be attached to and detached from the optical cable 16
and is disposable. In addition, in this embodiment, ultra-
sonic waves are used as acoustic waves. However, the
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invention is not limited to the ultrasonic waves. Acoustic
waves with an audible frequency may be used as long
as an appropriate frequency can be selected according
to, for example, an inspection target or measurement
conditions.
[0021] The laser unit 13 comprises a solid-state laser
light source using, for example, yttrium aluminum garnet
(YAG) and alexandrite. Laser light emitted from the solid-
state laser light source of the laser unit 13 is guided by
the optical cable 16 and is incident on the puncture needle
15. The laser unit 13 according to this embodiment emits
pulsed laser light in a near-infrared wavelength range.
The near-infrared wavelength range means a wave-
length range from about 700 nm to 2500 nm. In this em-
bodiment, the solid-state laser light source is used. How-
ever, other laser light sources, such as a gas laser light
source, may be used or light sources other than the laser
light source may be used.
[0022] The puncture needle 15 is an embodiment of
an insert according to the invention and is a needle that
is inserted into a subject M. Fig. 2 is a cross-sectional
view including a center axis that extends in a length di-
rection of the puncture needle 15. The puncture needle
15 includes a puncture needle main body 15a that has
an opening at an acute tip and is formed in a hollow
shape, an optical fiber 15b (corresponding to a light guide
member according to the invention) that guides laser light
emitted from the laser unit 13 to the vicinity of the opening
of the puncture needle 15, and a photoacoustic wave
generation portion 15c that absorbs laser light emitted
from the optical fiber 15b and generates photoacoustic
waves.
[0023] The optical fiber 15b and the photoacoustic
wave generation portion 15c are provided in a hollow
portion 15d of the puncture needle main body 15a. For
example, the optical fiber 15b is connected to the optical
fiber in the optical cable 16 (see Fig. 1) through an optical
connector that is provided at the base end of the puncture
needle 15. For example, a laser light of 0.2 mJ is emitted
from a light emission end of the optical fiber 15b.
[0024] The photoacoustic wave generation portion 15c
is provided at the light emission end of the optical fiber
15b and is provided in the vicinity of the tip of the puncture
needle 15 and in the inner wall of the puncture needle
main body 15a. The photoacoustic wave generation por-
tion 15c absorbs the laser light emitted from the optical
fiber 15b and generates photoacoustic waves. The pho-
toacoustic wave generation portion 15c is made of, for
example, an epoxy resin, a polyurethane resin, a fluorine
resin, and silicone rubber with which a black pigment is
mixed. In Fig. 2, the photoacoustic wave generation por-
tion 15c is illustrated to be larger than the optical fiber
15b. However, the invention is not limited thereto. The
photoacoustic wave generation portion 15c may have a
size that is equal to the diameter of the optical fiber 15b.
[0025] The photoacoustic wave generation portion 15c
is not limited to the above and a metal film or an oxide
film having light absorptivity with respect to the wave-

length of laser light may be used as the photoacoustic
wave generation portion. An oxide film made of, for ex-
ample, iron oxide, chromium oxide, or manganese oxide
having high light absorptivity with respect to the wave-
length of laser light can be used as the photoacoustic
wave generation portion 15c. Alternatively, a metal film
made of, for example, titanium (Ti) or platinum (Pt) that
has a lower light absorptivity than an oxide and has a
higher biocompatibility than an oxide may be used as the
photoacoustic wave generation portion 15c. In addition,
the position where the photoacoustic wave generation
portion 15c is provided is not limited to the inner wall of
the puncture needle main body 15a. For example, a metal
film or an oxide film which is the photoacoustic wave gen-
eration portion 15c may be formed on the light emission
end of the optical fiber 15b with a thickness of about 100
nm by vapor deposition such that the oxide film covers
the light emission end. In this case, at least a portion of
the laser light emitted from the light emission end of the
optical fiber 15b is absorbed by the metal film or the oxide
film covering the light emission end and photoacoustic
waves are generated from the metal film or the oxide film.
[0026] The vicinity of the tip of the puncture needle 15
means a position where the photoacoustic wave gener-
ation portion 15c can generate photoacoustic waves ca-
pable of imaging the position of the tip of the puncture
needle 15 with accuracy required for a needling operation
in a case in which the tip of the optical fiber 15b and the
photoacoustic wave generation portion 15c are disposed
at the position. For example, the vicinity of the tip of the
puncture needle 15 is the range of 0 mm to 3 mm from
the tip to the base end of the puncture needle 15. In the
subsequent embodiments, the meaning of the vicinity of
the tip is the same as described above.
[0027] Returning to Fig. 1, the probe 11 is an ultra-
sound probe and includes, for example, a plurality of ul-
trasound transducers which are one-dimensionally or
two-dimensionally arranged. The ultrasound transducer
is, for example, a piezoelectric element made of a poly-
mer film, such as piezoelectric ceramics or polyvinylidene
fluoride (PVDF).
[0028] The probe 11 detects the photoacoustic waves
generated from the photoacoustic wave generation por-
tion 15c after the puncture needle 15 is inserted into a
subject M. In addition, the probe 11 performs the trans-
mission of ultrasonic waves (acoustic waves) to the sub-
ject M and the detection of reflected ultrasonic waves
(reflected acoustic waves) with respect to the transmitted
ultrasonic waves, in addition to the detection of the pho-
toacoustic waves.
[0029] The probe 11 according to this embodiment al-
ternately detects the photoacoustic waves and the re-
flected ultrasonic waves. Therefore, frames of photoa-
coustic images and frames of ultrasound images are al-
ternately generated.
[0030] In addition, the transmission and reception of
the ultrasonic waves may be performed at different po-
sitions. For example, ultrasonic waves may be transmit-
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ted from a position different from the position of the probe
11 and the probe 11 may receive the reflected ultrasonic
waves with respect to the transmitted ultrasonic waves.
For example, a linear ultrasound probe, a convex ultra-
sound probe, or a sector ultrasound probe may be used
as the probe 11.
[0031] The ultrasound unit 12 includes a receiving cir-
cuit 20, a receiving memory 21, a data demultiplexing
unit 22, a photoacoustic image generation unit 23, an
ultrasound image generation unit 24, a tip position de-
tection unit 25, a display control unit 26, a transmission
control circuit 27, a control unit 28, and a measurement
point designation receiving unit 29. The ultrasound unit
12 typically includes, for example, a processor, a mem-
ory, and a bus. A program related to, for example, a pho-
toacoustic image generation process, an ultrasound im-
age generation process, a process of detecting the po-
sition of the tip of the puncture needle 15 in a photoa-
coustic image, and a measurement process which will
be described below is incorporated into a memory in the
ultrasound unit 12. The program is executed by the con-
trol unit 28 which is formed by a processor to implement
the functions of the data demultiplexing unit 22, the pho-
toacoustic image generation unit 23, the ultrasound im-
age generation unit 24, the tip position detection unit 25,
the display control unit 26, the measurement unit 28a,
and the measurement point designation receiving unit
29. That is, each of these units is formed by the processor
and the memory into which the program has been incor-
porated.
[0032] The hardware configuration of the ultrasound
unit 12 is not particularly limited and can be implemented
by an appropriate combination of, for example, a plurality
of integrated circuits (ICs), a processor, an application
specific integrated circuit (ASIC), a field-programmable
gate array (FPGA), and a memory.
[0033] The receiving circuit 20 receives a detection sig-
nal output from the probe 11 and stores the received
detection signal in the receiving memory 21. The receiv-
ing circuit 20 typically includes a low-noise amplifier, a
variable-gain amplifier, a low-pass filter, and an analog-
to-digital converter (AD converter). The detection signal
of the probe 11 is amplified by the low-noise amplifier.
Then, gain adjustment corresponding to the depth of the
tip of the puncture needle 15 is performed by the variable-
gain amplifier and a high-frequency component of the
detection signal is cut by the low-pass filter. Then, the
detection signal is converted into a digital signal by the
AD converter and the digital signal is stored in the receiv-
ing memory 21. The receiving circuit 20 is formed by, for
example, one integral circuit (IC).
[0034] The probe 11 outputs a detection signal of the
photoacoustic waves and a detection signal of the re-
flected ultrasonic waves. The AD-converted detection
signals (sampling data) of the photoacoustic waves and
the reflected ultrasonic waves are stored in the receiving
memory 21.
[0035] In a case in which a photoacoustic image is gen-

erated, the data demultiplexing unit 22 reads the detec-
tion signal of the photoacoustic waves from the receiving
memory 21 and transmits the detection signal to the pho-
toacoustic image generation unit 23. In addition, in a case
in which an ultrasound image is generated, the data de-
multiplexing unit 22 reads the detection signal of the re-
flected ultrasonic waves from the receiving memory 21
and transmits the detection signal to the ultrasound im-
age generation unit 24.
[0036] The photoacoustic image generation unit 23
generates a photoacoustic image on the basis of the de-
tection signal of the photoacoustic waves detected by
the probe 11. The photoacoustic image generation proc-
ess includes image reconstruction, such as phasing ad-
dition, detection, and logarithmic conversion.
[0037] The ultrasound image generation unit 24 (cor-
responding to a reflected acoustic image generation unit
according to the invention) generates an ultrasound im-
age (reflected acoustic image) on the basis of the detec-
tion signal of the reflected ultrasonic waves detected by
the probe 11. The ultrasound image generation process
includes image reconstruction, such as phasing addition,
detection, and logarithmic conversion. In addition, a
sound speed used in the ultrasound image generation
process is equal to a sound speed used in the photoa-
coustic image generation process.
[0038] The tip position detection unit 25 detects the
position of the tip of the puncture needle 15 on the basis
of the photoacoustic image generated by the photoa-
coustic image generation unit 23. As a method for de-
tecting the position of the tip of the puncture needle 15,
any method may be used as long as it can detect the
position of a maximum brightness point in the photoa-
coustic image as the position of the tip of the puncture
needle 15.
[0039] In a case in which the position of the tip of the
puncture needle 15 is detected on the basis of the pho-
toacoustic image as described above, in practice, an ar-
tifact of light or an artifact of sound is generated and a
photoacoustic image in which photoacoustic waves are
detected from a plurality of positions is likely to be gen-
erated. As a result, the original position of the tip of the
puncture needle 15 is unlikely to be specified.
[0040] For this reason, the photoacoustic image gen-
erated by the photoacoustic image generation unit 23 is
not used as it is, but, for example, a smoothing process
may be performed for the photoacoustic image to prevent
erroneous detection caused by the artifact. Specifically,
the smoothing process is performed for the photoacous-
tic image subjected to detection and logarithmic conver-
sion. For example, a filtering process using a Gaussian
filter can be used as the smoothing process. It is prefer-
able that the size of the Gaussian filter is less than that
of the tip portion of the puncture needle 15.
[0041] Then, a binarization process is performed for
the photoacoustic image subjected to the smoothing
process to generate a binary image. Then, a region in
which white pixels are continuously distributed is detect-
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ed from the binary image to detect the position of the tip
of the puncture needle 15. In this way, it is possible to
detect the position of the tip of the puncture needle 15
with higher accuracy.
[0042] In this embodiment, information of the position
of the tip of the puncture needle 15 detected by the tip
position detection unit 25 is output to the display control
unit 26 and a measurement unit 28a.
[0043] The display control unit 26 displays the photoa-
coustic image and the ultrasound image on an image
display unit 30 including, for example, a display device.
In addition, the display control unit 26 displays an index
indicating the position of the tip of the puncture needle
15 detected on the basis of the photoacoustic image and
an index indicating a measurement point on the ultra-
sound image which has been designated by the user on
the ultrasound image. Further, the ultrasound image and
the photoacoustic image may be displayed so as to be
superimposed on each other.
[0044] The control unit 28 controls each component in
the ultrasound unit 12. For example, in a case in which
a photoacoustic image is acquired, the control unit 28
transmits a trigger signal to the laser unit 13 such that
the laser unit 13 emits pulsed laser light. In addition, the
control unit 28 transmits a sampling trigger signal to the
receiving circuit 20 to control, for example, the sampling
start time of the photoacoustic waves with the emission
of the laser light. The detection signal of the photoacous-
tic waves which has been received by the receiving circuit
20 and then converted into a digital signal is stored in the
receiving memory 21.
[0045] In a case in which an ultrasound image is ac-
quired, the control unit 28 transmits an ultrasound trans-
mission trigger signal for commanding the transmission
of ultrasonic waves to the transmission control circuit 27.
In a case in which the ultrasound transmission trigger
signal is received, the transmission control circuit 27 di-
rects the probe 11 to transmit ultrasonic waves. The con-
trol unit 28 transmits the sampling trigger signal to the
receiving circuit 20 according to the transmission time of
ultrasonic waves such that the receiving circuit 20 starts
the sampling of the reflected ultrasonic waves. The de-
tection signal of the ultrasonic waves which has been
received by the receiving circuit 20 and then converted
into a digital signal is stored in the receiving memory 21.
[0046] The control unit 28 comprises the measurement
unit 28a. The measurement unit 28a performs a meas-
urement process of measuring the distance between the
position of the tip of the puncture needle 15 detected in
the photoacoustic image and the measurement point
designated by the user on the ultrasound image.
[0047] The measurement point designation receiving
unit 29 acquires the positional information of the meas-
urement point designated by the user on the ultrasound
image. Specifically, the user designates the measure-
ment point on the ultrasound image displayed on the im-
age display unit 30 with an input unit 40. The positional
information of the measurement point input from the input

unit 40 is acquired by the measurement point designation
receiving unit 29 and is output to the measurement unit
28a. In addition, the input unit 40 comprises, for example,
a mouse or a keyboard.
[0048] The measurement unit 28a receives the posi-
tional information of the measurement point acquired by
the measurement point designation receiving unit 29 and
the positional information of the tip of the puncture needle
15 output from tip position detection unit 25 and meas-
ures the distance between the measurement point and
the position of the tip of the puncture needle 15 on the
basis of the positional information.
[0049] In this embodiment, as described above, since
photoacoustic waves and reflected ultrasonic waves are
detected by the common probe 11, the coordinate axes
of the photoacoustic image and the ultrasound image
can be common to each other. Since the tip position de-
tection unit 25 detects the position of the tip of the punc-
ture needle 15 using the photoacoustic image, it is pos-
sible to detect the position of the tip of the puncture needle
15 on the ultrasound image with high accuracy. There-
fore, it is possible to measure the distance between the
position of the tip of the puncture needle 15 and a meas-
urement point on the ultrasound image with high accu-
racy.
[0050] In this embodiment, as described above, the
probe 11 alternately detects the photoacoustic waves
and the reflected ultrasonic waves and alternately gen-
erates a frame of a photoacoustic image and a frame of
an ultrasound image. Therefore, in a case in which the
position of the tip of the puncture needle 15 is detected
using a photoacoustic image of a frame immediately be-
fore a frame of an ultrasound image, it is possible to detect
the position of the tip of the puncture needle 15 on the
ultrasound image in real time with higher accuracy.
[0051] Next, the operation of the photoacoustic image
generation apparatus 10 according to this embodiment
will be described with reference to a flowchart illustrated
in Fig. 3.
[0052] First, the common probe 11 detects the photoa-
coustic waves generated from the tip of the puncture nee-
dle 15 and the reflected ultrasonic waves reflected from
the subject M (S10). Then, a photoacoustic image based
on a detection signal of the photoacoustic waves and an
ultrasound image based on a detection signal of the re-
flected ultrasonic waves are generated and the display
control unit 26 displays the images on the image display
unit 30 (S12).
[0053] Then, the tip position detection unit 25 performs
a process of detecting the position of the tip of the punc-
ture needle 15 in the photoacoustic image. In a case in
which the position of the tip of the puncture needle 15 is
detected (S14, YES), an index indicating the position of
the tip is displayed (S16). Specifically, a cross mark in-
dicating a tip position P1 of the puncture needle 15 illus-
trated in Fig. 4 is displayed on the ultrasound image.
[0054] Then, in a case in which the position of the tip
of the puncture needle 15 is detected as described above,
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the measurement point designation receiving unit 29
starts to receive the designation of a measurement point
(S18). Specifically, in a case in which the user designates
a point on the ultrasound image with the input unit 40,
the measurement point designation receiving unit 29 rec-
ognizes the designated point as the measurement point
and acquires the positional information of the measure-
ment point. In a case in which the position of the tip of
the puncture needle 15 is not detected on the photoa-
coustic image (S14, NO), the measurement point desig-
nation receiving unit 29 does not receive the designation
of the measurement point by the user. Specifically, in a
case in which the position of the tip of the puncture needle
15 is not detected even though the user designates a
point on the ultrasound image with the input unit 40, the
measurement point designation receiving unit 29 does
not recognize the point as the measurement point. In
other words, the measurement point designation receiv-
ing unit 29 receives the designation of the measurement
point only in a case in which the position of the tip of the
puncture needle 15 is detected on the photoacoustic im-
age. This configuration makes it possible to prevent the
unnecessary designation of the measurement point.
[0055] Then, the positional information of the meas-
urement point received by the measurement point des-
ignation receiving unit 29 is output to the display control
unit 26 and the display control unit 26 displays a cross
mark indicating a measurement point P2 illustrated in
Fig. 4 on the ultrasound image.
[0056] Then, the measurement unit 28a acquires the
information of the tip position P1 of the puncture needle
15 and the positional information of the measurement
point P2 designated by the user and measures a distance
D (see Fig. 4) between the tip position P1 of the puncture
needle 15 and the measurement point P2 (S20).
[0057] The distance D measured by the measurement
unit 28a is output to the display control unit 26 and the
display control unit 26 displays the measured distance
D as text on the image display unit 30 (S22).
[0058] Next, a second embodiment of the photoacous-
tic image generation apparatus 10 according to the in-
vention will be described. Fig. 5 is a block diagram sche-
matically illustrating the configuration of the photoacous-
tic image generation apparatus 10 according to the sec-
ond embodiment. The photoacoustic image generation
apparatus 10 according to the first embodiment is con-
figured such that the user designates the measurement
point. However, the photoacoustic image generation ap-
paratus 10 according to the second embodiment auto-
matically detects the measurement point. Therefore, it is
possible to reduce the time and effort required for the
user to designate the measurement point and to more
appropriately specify the measurement point.
[0059] As illustrated in Fig. 5, the photoacoustic image
generation apparatus 10 according to the second em-
bodiment comprises a feature point detection unit 31 in-
stead of the measurement point designation receiving
unit 29 according to the first embodiment. The other con-

figurations are the same as those in the photoacoustic
image generation apparatus 10 according to the first em-
bodiment.
[0060] The feature point detection unit 31 according to
this embodiment detects a point on a lesion included in
an ultrasound image as a feature point. Examples of the
lesion include a mass and a cyst. In Fig. 6, the lesion
detected by the feature point detection unit 31 is repre-
sented by a dotted circle. For example, the feature point
detection unit 31 detects a point that is closest to the tip
position P1 of the puncture needle 15 among points on
the circle indicating the lesion as a measurement point
P3. The feature point is not limited to a point on the lesion
and anatomic feature points, such as a predetermined
blood vessel and a nerve bundle, may be detected as
the feature points.
[0061] In the photoacoustic image generation appara-
tus 10 according to the second embodiment, the meas-
urement unit 28a measures a distance D between the
measurement point P3 detected by the feature point de-
tection unit 31 as described above and a tip position P1
of the puncture needle 15.
[0062] Next, the operation of the photoacoustic image
generation apparatus 10 according to the second em-
bodiment will be described with reference to a flowchart
illustrated in Fig. 7.
[0063] First, similarly to the first embodiment, the probe
11 detects the photoacoustic waves generated from the
tip of the puncture needle 15 and the reflected ultrasonic
waves reflected from the subject M (S30). Then, a pho-
toacoustic image based on a detection signal of the pho-
toacoustic waves and an ultrasound image based on a
detection signal of the reflected ultrasonic waves are gen-
erated and the display control unit 26 displays the images
on the image display unit 30 (S32).
[0064] Then, the tip position detection unit 25 performs
a process of detecting the position of the tip of the punc-
ture needle 15 in the photoacoustic image (S34) and an
index indicating the position of the tip is displayed (S36).
Specifically, a cross mark indicating the tip position P1
of the puncture needle 15 illustrated in Fig. 6 is displayed
on the ultrasound image.
[0065] Then, the feature point detection unit 31 detects
a lesion included in the ultrasound image and detects
one point on the lesion as the feature point (S38). Then,
the positional information of the feature point is output to
the display control unit 26 and the display control unit 26
displays a cross mark indicating a measurement point
(feature point) P3 illustrated in Fig. 6 on the ultrasound
image (S40).
[0066] Then, the measurement unit 28a acquires the
information of the tip position P1 of the puncture needle
15 and the positional information of the measurement
point P3 and measures the distance D (see Fig. 6) be-
tween the tip position P1 of the puncture needle 15 and
the measurement point P3 (S42).
[0067] The distance D measured by the measurement
unit 28a is output to the display control unit 26 and the
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display control unit 26 displays the measured distance
D as text on the image display unit 30 (S44).
[0068] Next, a third embodiment of the photoacoustic
image generation apparatus 10 according to the inven-
tion will be described. Fig. 8 is a block diagram schemat-
ically illustrating the configuration of the photoacoustic
image generation apparatus 10 according to the third em-
bodiment. The configuration of the photoacoustic image
generation apparatus 10 according to the third embodi-
ment is substantially a combination of the configuration
of the photoacoustic image generation apparatus 10 ac-
cording to the first embodiment and the configuration of
the photoacoustic image generation apparatus 10 ac-
cording to the second embodiment. That is, as illustrated
in Fig. 8, the photoacoustic image generation apparatus
10 according to the third embodiment comprises both the
measurement point designation receiving unit 29 and the
feature point detection unit 31. The other configurations
are the same as those in the photoacoustic image gen-
eration apparatuses 10 according to the first and second
embodiments.
[0069] Next, the operation of the photoacoustic image
generation apparatus 10 according to this embodiment
will be described with reference to a flowchart illustrated
in Fig. 9.
[0070] First, similarly to the first and second embodi-
ments, the probe 11 detects the photoacoustic waves
generated from the tip of the puncture needle 15 and the
reflected ultrasonic waves reflected from the subject M
(S50). Then, a photoacoustic image based on a detection
signal of the photoacoustic waves and an ultrasound im-
age based on a detection signal of the reflected ultrasonic
waves are generated and the display control unit 26 dis-
plays the images on the image display unit 30 (S52).
[0071] Then, the tip position detection unit 25 performs
a process of detecting the position of the tip of the punc-
ture needle 15 in the photoacoustic image. In a case in
which the position of the tip of the puncture needle 15 is
detected (S54, YES), an index indicating the position of
the tip is displayed (S56). Specifically, a cross mark in-
dicating a tip position P1 of the puncture needle 15 illus-
trated in Fig. 10 is displayed on the ultrasound image.
[0072] Then, in a case in which the position of the tip
of the puncture needle 15 is detected as described above,
the measurement point designation receiving unit 29
starts to receive the designation of a measurement point
(S58). Specifically, in a case in which the user designates
a point on the ultrasound image with the input unit 40,
the measurement point designation receiving unit 29 rec-
ognizes the designated point as the measurement point
and acquires the positional information of the measure-
ment point. In a case in which the position of the tip of
the puncture needle 15 is not detected on the photoa-
coustic image (S54, NO), the measurement point desig-
nation receiving unit 29 does not receive the designation
of the measurement point by the user similarly to the first
embodiment. Specifically, in a case in which the position
of the tip of the puncture needle 15 is not detected even

though the user designates a point on the ultrasound
image with the input unit 40, the measurement point des-
ignation receiving unit 29 does not recognize the point
as the measurement point. In other words, the measure-
ment point designation receiving unit 29 receives the des-
ignation of the measurement point only in a case in which
the position of the tip of the puncture needle 15 is detected
on the photoacoustic image.
[0073] Then, the positional information of the meas-
urement point received by the measurement point des-
ignation receiving unit 29 is output to the display control
unit 26 and the display control unit 26 displays a cross
mark indicating a measurement point P2 illustrated in
Fig. 10 on the ultrasound image.
[0074] Then, the measurement unit 28a acquires the
information of the tip position P1 of the puncture needle
15 and the positional information of the measurement
point P2 designated by the user and measures a first
distance D1 (see Fig. 10) between the tip position P1 of
the puncture needle 15 and the measurement point P2
(S60).
[0075] The first distance D1 measured by the meas-
urement unit 28a is output to the display control unit 26
and the display control unit 26 displays the measured
first distance D1 as text on the image display unit 30
(S68).
[0076] After the ultrasound image is displayed in S52,
the detection of a feature point by the feature point de-
tection unit 31 is performed in parallel to the process of
detecting the position of the tip of the puncture needle
15 included in the photoacoustic image (S62). Specifi-
cally, the feature point detection unit 31 detects a lesion
included in the ultrasound image and one point on the
lesion is detected as the feature point. Then, the posi-
tional information of the feature point is output to the dis-
play control unit 26 and the display control unit 26 dis-
plays a cross mark indicating a measurement point (fea-
ture point) P3 illustrated in Fig. 10 on the ultrasound im-
age (S64).
[0077] Then, the measurement unit 28a acquires the
information of the tip position P1 of the puncture needle
15 and the positional information of the measurement
point P3 and measures a second distance D2 (see Fig.
10) between the tip position P1 of the puncture needle
15 and the measurement point P3 (S66).
[0078] The second distance D2 measured by the
measurement unit 28a is output to the display control unit
26 and the display control unit 26 displays the measured
second distance D2 as text on the image display unit 30
(S68). In a case in which the position of the tip of the
puncture needle 15 is not detected in the photoacoustic
image, only the second distance D2 is displayed as text
on the image display unit 30.
[0079] Here, in the photoacoustic image generation
apparatuses 10 according to the first to third embodi-
ments which detect the position of the tip of the puncture
needle 15 using the photoacoustic image and measure
the distance between the position of the tip and the meas-
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urement point, in a case in which the photoacoustic image
is acquired by a so-called crossing method and the tip of
the puncture needle 15 is present immediately below the
probe 11, the positional relationship between the position
of the tip of the puncture needle 15 in the photoacoustic
image and the measurement point is matched with the
actual positional relationship. Therefore, the distance
measured by the measurement unit 28a is a correct val-
ue. In a case in which the measurement result is contin-
uously displayed until the tip of the puncture needle 15
passes through a portion immediately below the probe
11, the measurement result is not a correct distance and
an erroneous diagnosis is likely to be made. In the cross-
ing method, piezoelectric elements of the probe 11 are
arranged along a direction orthogonal to the length di-
rection of the puncture needle 15 and needling is per-
formed. In a photoacoustic image acquired by a parallel
method, an image of the puncture needle 15 appears
linearly. In a photoacoustic image acquired by the cross-
ing method, an image of the puncture needle 15 appears
as dots.
[0080] Therefore, in the photoacoustic image genera-
tion apparatuses 10 according to the first to third embod-
iments, after the tip of the puncture needle 15 passes
through a portion immediately below the probe 11, the
measurement result may not be displayed.
[0081] Fig. 11 is a flowchart illustrating a case in which
the measurement result is not displayed in the photoa-
coustic image generation apparatus 10 according to the
first embodiment as described above.
[0082] A process from S10 to S22 illustrated in Fig. 11
is the same as that in the first embodiment. Then, after
the measured distance is displayed in S22, the tip posi-
tion detection unit 25 detects the position of the tip of the
puncture needle 15 on the photoacoustic image. In a case
in which the position of the tip of the puncture needle 15
is detected on the photoacoustic image (S24, YES), the
distance of the measurement result is continuously dis-
played. On the other hand, in a case in which the position
of the tip of the puncture needle 15 is not detected on
the photoacoustic image (S24, NO), that is, in a case in
which the tip of the puncture needle 15 has passed
through a portion immediately below the probe 11, the
distance of the measurement result which is currently
displayed is not displayed (S26). Therefore, it is possible
to prevent, for example, a doctor from making an erro-
neous diagnosis.
[0083] In the above description, in the photoacoustic
image generation apparatuses 10 according to the sec-
ond and third embodiments, similarly, in a case in which
the position of the tip of the puncture needle 15 is not
detected on the photoacoustic image, the distance of the
measurement result which is currently displayed may not
be displayed.
[0084] In the photoacoustic image generation appara-
tuses 10 according to the first to third embodiments, the
measurement of the distance between the position of the
tip of the puncture needle 15 and the measurement point

may not necessarily be performed for each frame of the
photoacoustic image and the ultrasound image. The rea-
son is that, in a case in which the distance measurement
is performed even though the position of the tip of the
puncture needle 15 is not changed, the measurement
result is the same and an arithmetic process is unneces-
sarily performed. Therefore, the photoacoustic image
generation apparatuses 10 according to the first to third
embodiments may detect whether the position of the tip
of the puncture needle 15 has been moved in the subject
M. In a case in which the position of the tip of the puncture
needle 15 has been moved, the photoacoustic image
generation apparatuses 10 may remeasure the distance
and update the display of the measurement result.
[0085] Fig. 12 is a block diagram illustrating a modifi-
cation example of the photoacoustic image generation
apparatus 10 according to the first embodiment in which
the distance is remeasured only in a case in which the
position of the tip of the puncture needle 15 has been
moved in the subject M. Fig. 13 is a flowchart illustrating
an operation of the modification example. As illustrated
in Fig. 12, in the modification example of the first embod-
iment, the photoacoustic image generation apparatus 10
further comprises a movement detection unit 32 that de-
tects the movement of the position of the tip of the punc-
ture needle 15. The other configurations are the same
as those in the first embodiment.
[0086] A process from S10 to S22 illustrated in Fig. 13
is the same as that in the first embodiment. Then, after
the measured distance is displayed in S22, the tip posi-
tion detection unit 25 detects the position of the tip of the
puncture needle 15 on the photoacoustic image and the
movement detection unit 32 checks whether the position
of the tip detected by tip position detection unit 25 has
been changed. Then, in a case in which the position of
the tip of the puncture needle 15 has not been changed
on the photoacoustic image (S70, NO), the distance is
not remeasured and the measurement result is not up-
dated (S78).
[0087] On the other hand, in a case in which the posi-
tion of the tip of the puncture needle 15 has been changed
on the photoacoustic image (S70, YES), the movement
detection unit 32 checks whether there is a change in an
ultrasound image of a frame immediately after the pho-
toacoustic image (S72). The reason why a change in the
ultrasound image is checked in a case in which the po-
sition of the tip of the puncture needle 15 has been
changed on the photoacoustic image is that the position
of the tip of the puncture needle 15 is moved in the pho-
toacoustic image even in a case in which not the puncture
needle 15 but the probe 11 is moved with respect to the
subject M. In a case in which the probe 11 is moved with
respect to the subject, image information is changed not
only in the photoacoustic image but also in the ultrasound
image. Therefore, a change in the image information in
the ultrasound image is checked to identify whether the
position of the tip of the puncture needle 15 or the probe
11 has been moved with respect to the subject M.
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[0088] In a case in which it is checked in S72 that there
is a change in the image information in the ultrasound
image (S72, YES), it is determined that not the position
of the tip of the puncture needle 15 but the probe 11 has
been moved with respect to the subject M, the distance
is not remeasured, and the measurement result is not
updated (S78). On the other hand, in a case in which it
is checked in S72 that there is no change in the image
information in the ultrasound image (S72, NO), it is de-
termined that not the probe 11 but the position of the tip
of the puncture needle 15 has been moved and the dis-
tance between the measurement point and the moved
position of the tip of the puncture needle 15 is remeasured
(S74). Then, the measurement result which is currently
displayed is updated with the remeasurement result and
the remeasurement result is displayed (S76).
[0089] In the above description, the movement detec-
tion unit 32 is provided in the photoacoustic image gen-
eration apparatus 10 according to the first embodiment.
However, the movement detection unit 32 may be pro-
vided in the photoacoustic image generation apparatus-
es 10 according to the second and third embodiments
and the same process as described above may be per-
formed.
[0090] In the above-described embodiments, the
puncture needle 15 is used as an embodiment of the
insert. However, the invention is not limited thereto. The
insert may be a radio-frequency ablation needle including
an electrode that is used for radio-frequency ablation, a
catheter that is inserted into a blood vessel, or a guide
wire for a catheter that is inserted into a blood vessel.
Alternatively, the insert may be an optical fiber for laser
treatment.
[0091] The insert according to the invention is not lim-
ited to a needle, such as an injection needle, and may
be a biopsy needle used for biopsy. That is, the needle
may be a biopsy needle that is inserted into an inspection
target of the living body and extracts the tissues of a
biopsy site of the inspection target. In this case, photoa-
coustic waves may be generated from an extraction por-
tion (intake port) for sucking and extracting the tissues
of the biopsy site. In addition, the needle may be used
as a guiding needle that is used for insertion into a deep
part, such as a part under the skin or an organ inside the
abdomen.
[0092] The invention has been described above on the
basis of the preferred embodiments. However, the insert
and the photoacoustic measurement device according
to the invention are not limited only to the above-de-
scribed embodiments. Various modifications and chang-
es of the configurations according to the above-described
embodiments are also included in the scope of the in-
vention.

Explanation of References

[0093]

10: photoacoustic image generation apparatus
11: probe
12: ultrasound unit
13: laser unit
15: puncture needle
15a: puncture needle main body
15b: optical fiber
15c: photoacoustic wave generation portion
15d: hollow portion
16: optical cable
20: receiving circuit
21: receiving memory
22: data demultiplexing unit
23: photoacoustic image generation unit
24: ultrasound image generation unit
25: tip position detection unit
26: display control unit
27: transmission control circuit
28: control unit
28a: measurement unit
29: measurement point designation receiving unit
30: image display unit
31: feature point detection unit
32: movement detection unit
40: input unit
M: subject
P1: tip position of puncture needle
P2, P3: measurement point

Claims

1. A photoacoustic image generation apparatus com-
prising:

an insert of which at least a tip portion is insert-
able into a subject and which includes a light
guide member that guides light to the tip portion
and a photoacoustic wave generation portion
that absorbs the light guided by the light guide
member and generates photoacoustic waves;
a probe that detects the photoacoustic waves
generated from the photoacoustic wave gener-
ation portion and reflected acoustic waves re-
flected by transmission of acoustic waves to the
subject;
a photoacoustic image generation unit that gen-
erates a photoacoustic image on the basis of
the photoacoustic waves;
a reflected acoustic image generation unit that
generates a reflected acoustic image on the ba-
sis of the reflected acoustic waves;
a tip position detection unit that detects a posi-
tion of a tip of the insert included in the photoa-
coustic image on the basis of the photoacoustic
image; and
a measurement unit that measures a distance
between a measurement point on the reflected
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acoustic image and the position of the tip of the
insert detected on the photoacoustic image.

2. The photoacoustic image generation apparatus ac-
cording to claim 1, further comprising:
a measurement point designation receiving unit that
receives designation of the measurement point on
the reflected acoustic image.

3. The photoacoustic image generation apparatus ac-
cording to claim 2,
wherein the measurement point designation receiv-
ing unit receives the designation of the measurement
point only in a case in which the tip position detection
unit detects the position of the tip of the insert.

4. The photoacoustic image generation apparatus ac-
cording to claim 2 or 3, further comprising:

a feature point detection unit that detects a fea-
ture point on the basis of the reflected acoustic
image,
wherein the measurement unit measures a first
distance between the position of the tip of the
insert and the designated measurement point
and a second distance between the position of
the tip of the insert and the feature point.

5. The photoacoustic image generation apparatus ac-
cording to claim 1, further comprising:

a feature point detection unit that detects a fea-
ture point on the basis of the reflected acoustic
image,
wherein the measurement unit measures the
distance, using the feature point as the meas-
urement point.

6. The photoacoustic image generation apparatus ac-
cording to any one of claims 1 to 5, further compris-
ing:
a movement detection unit that detects movement
of the position of the tip of the insert, using the re-
flected acoustic image and the photoacoustic image.

7. The photoacoustic image generation apparatus ac-
cording to claim 6,
wherein the measurement unit remeasures the dis-
tance in a case in which the movement detection unit
detects the movement of the position of the tip of the
insert.

8. The photoacoustic image generation apparatus ac-
cording to any one of claims 1 to 7,
wherein the probe alternately detects the photoa-
coustic waves and the reflected acoustic waves.

9. The photoacoustic image generation apparatus ac-

cording to any one of claims 1 to 8, further compris-
ing:

a display control unit that displays the distance
measured by the measurement unit on a display
unit,
wherein the display control unit does not display
the distance in a case in which the position of
the tip of the insert is not detected after the tip
position detection unit detects the position of the
tip of the insert.
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